Background: Babesiosis is an important cause of thrombocytopenia and hemolytic anemia in dogs. Babesia vulpes, reported in European dogs and North American foxes, rarely has been reported in domestic North American dogs. Newly optimized polymerase chain reaction (PCR) primers facilitate more sensitive amplification of B. vulpes DNA. Objectives: To determine the prevalence of Babesia sp. infections in dogs being tested for Babesia infection, and to describe co-infections and clinicopathologic abnormalities in B. vulpes positive dogs. Animals: Dog blood or tissue samples (n = 9367) submitted to a diagnostic laboratory between June 2015 and June 2018 were tested using an optimized Babesia PCR assay. Methods: Comprehensive canine vector-borne disease diagnostic testing was performed on convenience samples. Results: Babesia sp. DNA was amplified from 269/9367 (2.9%) North American dogs. Babesia sp. infections included B. gibsoni monoinfection (157; 1.7%), B. vulpes monoinfection (19; 0.20%), and B. gibsoni and B. vulpes coinfection (29; 0.31%). Forty-three of the 48 total B. vulpes-infected dogs were American Pit Bull Terrier-type breeds, of which 36 historically were involved with dog fights. Coinfections with Mycoplasma, Dirofilaria immitis, or Wolbachia and coexposures to Bartonella, Ehrlichia, and Rickettsia spp. were documented in B. vulpes-infected dogs. Clinicopathologic data in B. vulpesinfected dogs both with and without coinfections included anemia, thrombocytopenia, hyperglobulinemia, hypoalbuminemia, and proteinuria.
| INTRODUCTION
Babesia vulpes, a parasite of canids formerly known as Babesia microti-like Theileria annae and the Babesia "Spanish isolate," [1] [2] [3] [4] has been linked to clinical diseases in European dogs including hemolytic anemia, thrombocytopenia, azotemia, and death. [5] [6] [7] [8] Babesia vulpes infections genetically indistinguishable from the B. vulpes infections in European dogs are common in both red and gray foxes in North Carolina and Canada. 9, 10 However, B. vulpes has been reported only rarely in domestic dogs in the United States of America, making the clinical relevance in domesticated dogs in North America uncertain. Babesia vulpes is closely related to the pathogen B. microti, which infects humans. Babesia vulpes infects a wide range of vertebrate hosts, and based on genetic data and in some cases biologic behavior, it is only distantly related to Babesia sensu stricto species (which includes most other Babesia species that infect canids). [11] [12] [13] [14] The prevalence and role of B. vulpes as a cause of disease in dogs 14 in North America remain unknown. Because commonly utilized commercial polymerase chain reaction (PCR) assays to detect Babesia infections in dogs often are designed to amplify Babesia sensu stricto species (eg, B. vogeli, B. canis, B. rossi, B. gibsoni, and large unnamed Babesia spp.), they lack sensitivity for the amplification of B. vulpes DNA, 15 making the detection of this parasite less likely. Our goals were to (1) assess the prevalence of Babesia infection in blood and splenic specimens of dogs submitted to a North American diagnostic laboratory using a novel PCR assay designed to amplify B. vulpes DNA, 15 
Notes: NA indicates that the reaction was not performed. The asterisk indicates that the positive PCR product was sequenced to yield species determination.
All B. vulpes+ dogs (n = 48) were tested using a CVBD PCR panel 
| Coinfections
Thirty-eight (79%) B. vulpes+ dogs had evidence of infection with or exposure to other CVBD, determined by a CVBD comprehensive panel ( Figure 2 The presence of a tick vector that is capable of transmitting B. vulpes to domestic dogs in North America cannot be excluded.
Ixodes hexagonus, the hedgehog tick, has been posited as the primary vector in Spain, 25 but B. vulpes has been identified in regions without I. hexagonus, 9 and this tick is not believed to be endemic in North
America. Ixodes scapularis is known to transmit B. microti to rodents and humans, and may serve as a vector for B. vulpes organisms. Babesia vulpes has been identified recently within unfed Dermacentor reticulatus in Austria, 26 suggesting that other ixodid tick species may transmit these piroplasms.
Our study found a high proportion of dogs coinfected with both B. vulpes and B. gibsoni. Efforts to amplify multiple species-specific PCR gene targets were required to confirm that these were true coinfections rather than mis-amplification of B. gibsoni DNA because of lack of PCR primer specificity ( was not common in the dogs in our study.
Complete clinical data were not available for all dogs including physical examination findings, response to treatment, duration of clinicopathologic abnormalities, or long-term survival rates. In addition, the data were limited to samples submitted to the NCSU VBDDL, which may have created a selection bias toward dogs exhibiting clinicopathologic abnormalities found in association with CVBD and a geographic bias toward the Eastern Atlantic United States, because most samples were submitted from this region. 34 Regardless of the limitations of our study, B. vulpes infects dogs in the United States and causes disease manifestations that are similar to those of other Babesia spp. infections.
In conclusion, we found that optimized primers could identify B. vulpes 
